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This invention relates generally to microwave
transmission and more particularly to improved
methods of and means for controlling the de-
flection of a light beam by varying the refractive
index of a microwave absorptive gas interposed
in the path of the light beam. :

The invention utilizes the characteristics of
some gases which are substantially perfect di-
electrics at most radio frequencies but which ab-
sorb considerable energy at certain other prede-
termined microwave frequencies. For example,
in an article by Cleeton and Williams in Physical
Review 45, 234 (1934), observations on micro-
wave absorption in ammonia gas indicated that
radiation having a wavelength of 1.25 centimeters
will lose approximately 63 percent of its initial
energy upon passing through 1.1 meters of am-
monisa gas in a non-metallic container at atmos-
bheric pressure. It was noted further that the
absorption frequency band is relatively wide since
the absorption coefficient falls to approximately
one-half of its maximum value at wavelengths of 1
centimeter and 1.5 centimeters. The observations
described in the article identified heretofore were

Inspired by earlier general theoretical work on :

the energy levels of the ammonia molecule to-
gether with observations on the infra red spec-
trum of this gas, but in all such prior experi-
ments no attempt was made to determine, ex-
plain or utilize the effect upon the gas of the
microwave absorption by said gas.

The instant invention is related to the inven-
tion described in applicant’s copending applica-
tion Serial No. 537,960, filed May 29, 1944, now
abandoned, wherein the change In pressure of
& microwave abscrptive gas in response to micro-
wave Irradiation is utilized to provide a novel
method of and means for measuring microwave
energy as a function of the change, or rate of
change, of the pressure of said gas.

The present invention utilizes the variation in
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the refractive index of a microwave absorptive -

gas In response to pressure changes therein due
to microwave irradiation, to provide a novel and
efficient light valve. In effect, the invention com-
prises a novel light prism, the refractive index of
which may be directly controlled as a function of
microwave irradiation.

It is believed that the variation in refractive
index of a microwave gbsorptive gas subjected to
predetermined microwave irradiation is due to
heating of the gas by molecular resonance effects
incidental to the excitation of the energy levels
of the gas molecules. The term “molecular res-
onance’ as employed herein defines the charac-
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teristics or properties of an aggregation of gas
molecules which give rise to the selective absorp-
tion of electromagnetic microwaves of & definite
frequency or frequencies. It is known that the
microwave energy absorption in the gas increases
as a function of the gas pressure. The variation
in refractive index of a light valve of the micro-
wave absorptive gas type also is increased as a
function of the intensity or concentration of the
microwave irradiation of said gas. i
A preferred embodiment of the invention com-
prises a cavity resonator having a microwave
permeable window opening into a waveguide
which introduces microwave energy into the res-
onator. The resonator, if desired, may include
conductive projecting members which concen--
trate the resultant electric field within a prede-
termined region of the interior of the cavity res-
onator. Microwave absorptive gas, such, for ex-
ample, as ammonis, is introduced into the cavity
resonator at the desired pressure to provide the
required sensitivity. Light permeable windows
disposed on opposite faces of the cavity resonator
adjacent the conductive projecting elements per-
mit the focusing of a light beam through the cay-
ity resonator between the conductive projecting -
elements whereby the light beam penetrates the
gas through a region subjected to the maximum
electric fleld within the cavity resonator. If the
conductive projecting elements are triangular in
cross-section or rectangular with faces other than
parallel to the light permeable windows, the mi-
crowave field between the conductive elements

-provides & region having a relatively abrupt

change in refractive index which will deflect or °
refract a light beam directed therethrough.

Any well known means may be employed for
introducing and venting the desired microwave
absorptive gas in the cavity resonator. Also, if
desired, the cavity resonator may be tuned to
the operating microwave frequency by any con-
ventional tuning screw, tuning plug or other
known means. Similarly, by means of additional
adjustable reactive elements such as tuning
screws or tuning plugs disposed in the waveguide
adjacent the window into the cavity resonator,
the microwave resonator impedance may be
matched to the characteristic impedance of the
waveguide to minimize wave reflections from the
resonator. )

As will be explained in greater detail herein-
after, a microwave responsive light valve employ-
ing the novel features of the invention may be
utilized for refracting or deflecting a light beam
for indicating directly on ar adjacent indicator
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- gecale the microwave energy absorbed in the mi-

crowave gbsorptive gas chamber, thereby provid-’

ing an extremely convenient, accurate, and flex-
ible microwave wattmeter. Also, the invention
may be employed for oscillographic or sound fllm
Trecording purposes wherein the light valve is in-
" terposed between a light source and a screen or
moving photographic film. In this modification
of the invention the deflection or refraction of
the light beam may be employed in cooperation
with g fixed aperture device to vary the amount
of light or the position of the light beam which
is focused upon the oscillograph;c screen or mov-
ing photographic film.

Among the objects of the invention are to pro-
vide an improved method of and means for meas-
uring microwave energy. Another object of the
invention is to provide a novel method. of and
means for controiling the light refractive index
of g microwave absorptive gas. An additional ob-
ject of the invention is to provide an improved
method of and means for controlling the refrac-
tion or deflection of a light beam in response to
the magnitude of microwave irradiation of a mi-
crowave-absorptive gas. .

Another object of the invention is to provide an
improved method of and means for controlling &
light beam. A further object of the invention is
to provide an improved light valve which may be
employed in cooperation with a fixed aperture de-
vice to provide convenient and efficient means for
modulating a light beam in response to the modu-
lation of a source of microwaves. A further ob-
ject of the invention is to provide an improved
microwave wattmeter. A still further object of
the invention is to provide an improved method of
and mesans for recording sound on a moving mo-
tion picture film comprising & microwave respon-
sive light valve, means for focusing 2 light beam
through said light valve and through a fixed
aperture device to sald film, and means for vary-
ing the refractive index of said light valve in re-
sponse to modulated microwaves characteristic of
the sound to be recorded upon said fiim.

The invention will be described in greater detall
by reference to the accompanying drawing of
which Figure 1 is a schematic plan cross-section-
al view, taken along the section line I—I of one
embodiment of the invention, Figure 2 is a cross~
sectional elevational view taken along the section
line II—II of said embodiment of the Invention,
Flgure 3 is a schematic plan cross-sectional view
of a second embodiment of the invention adapted
to the recorlding of sound on film, Figure 4is a
fragmentary view of a fixed aperture plate and a
movable film forming a portion of the system of
Figure 3, and Figure 5 is a schematic plan cross-
~ sectional view of a third embodiment of the in-
vention. Similar reference characters are ap-
plied to similar elements throughout the drawing.

Either tuned or untuned cavity resonators, in-
to which predetermined microwave energy ab-
sorbent .gases may be introduced at predeter-
mined pressures, may be employed to confine the
active element to provide variations in the re-
fractive index of the light valve. For the pur-
pose of - illustration, it will be assumed that the
cavity resonator is filled with ammonia gas.
However, various other types of gases which ab-
sorb energy in the microwave frequency range
will be listed hereinafter.

n the tuned cavity resonator type of light valve .

{llustrated in Figs. 1, 2 and 3; the microwave field,
to which the ammonia gas is subjected, conforms
to the customary modes found in relativély sharp-
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ly tuned cavity resonators, and is of high intén-
sity since practically all of the microwave energy
is absorbed within the resonator. The cavity
resonator may be tuned to the desired applied
frequency by means of a tuning plunger, or
tuning screws, of any type well known in the art.
The tuning adjustments may be made through
gas-tight gaskets in the cavity resonator wall, or
by means of flexible joints common to conven-
tional vacuum systems. Similarly, the varlous
microwave or light permeable windows in the
cavity resonator walls may be made gas-tight by
conventional rubber gaskets, held under suitable
pressure. Also, metal-to-glass seals such as are
employed in the fabrication of vacuum tubes used
in radio broadcast equipment may be utilized.

Reactive tuning elements, coupled to the wave-
guide intermediate the source of microwave
energy and the cavity resonator may be employed
to provide proper matching of the resonator to
the transmission system surge impedance in order
substantially to prevent wave reflections and
thereby to.insure that most of the transmitted
energy is confined to the cavity resonator and ab-
sorbed by the gas therein.

An untuned cavity resonator of the type illus-
trated in Fig. 3 is proportioned so that, in view of
the Q of the device—which is determined by the
resonator wall losses and the losses in the am-
monia gas—the resonant modes are so closely
spaced as to overlap. This condition may be
achieved by selecting the volume of the resonator
to be larger than some minimum value in view of
the expetted Q of the resonator. L

The number of resonator modes An lying in the
frequency range Af, which is determined in turn
by the value of Q in the relation .

a1
f Q
is approximately
8xV,
) An= ;Q°

where Vo is the volume of the resonator and Xe is
the wavelength of the microwave energy.

The variation in temperature AT of the micro-
wave absorbent gas within the cavity resonator
may be calculated from the. gas pressure Ap by
the relation

(@) AT_Ap

T p

where p is the static pressure and T is the abso-
lute temperature.

Hence, in accordance with known relations, it
will be understood that the variation in the re-
fractive index of the enclosed gas will be & func-
tion of the variation in pressure of the gas in re-
sponse to absorbed microwave energy. Since the
refractive index of the gas also will be con-
trolled indirectly by low losses in the cavity reso-
nator, and by the heat transferred from the gas
to the cavity resonator walls, it may be found to
be desirable to thermally insulate or to control, in
any known manner, the temperature of the reso-.
nator walls. - : :

The energy directly absorbed by the gas from
the microwave  transmission system provides a
substantially rapid increase in gas temperature,
and hence, in the refractive index of the gas, since

_ the gas has a relatively low heat capacity and a

76

relatively high temperature coefficient of expan-
sion. These features, therefore, will provide rela-
tively high variations in the refractive index of
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the enclosed gas in response to modulated micro-
wave energy irradiating sald gas. Unless the

cavity resonator walls are thermally insulated .

from the enclosed gas, or are maintained at sub-
stantially constant temperature, by means of an
air blast or other known expedient, the heat
transfer between the cavity walls and the en-
closed gas may provide relatively slow, protracted
pressure variations in the gas which will be re-
flected as undesired variations in the refractive
index thereof.

The ratio of the energy dissipated in the gas
proper to the energy dissipated in the resonator
walls is a function of the initial pressure of the
gas confined  within the resonator. Also, it de-

pends upon proper design of the cavity itself and-

its input iris,

It should be understood that the cavity resona-
tor, when properly matched to the waveguide
system, performs substantially as a perfectly
matched load which absorbs all of the microwave
energy introduced thereto. Since, as explained
heretofore, conductive elements connected to the
inner walls of the cavity resonator may be em-
ployed to concentrate the electric fleld within
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results in a corresponding variation in the light
refractive index of the ammonia gas in said gap.
Hence, the boundary region hetween the gas in
the gap {1 and the gas in the remainder of the
cavity resonator § effectively comprises a gas
prism of which the refractive index may be var-
ied as a function of the magnitude of the micro-
wave energy introduced into the cavity resonator.

Since the refractive index of the prism may be
varied as a function of the applled microwave
energy, the light beam directed through the gas
prism will be deflected, for example, as shown in
the dash lines 25 or 27, ‘If desired, a projection
lens 28, disposed adjacent the output window 19,
may be employed to focus the light beams 25 or
27 upon a suitable calibrated scale 31, whereby the
microwave power absorbed in the cavity resonator
5 may be indicated directly.

Referring to Fig. 2, the cavity resonator § may
be tuned to resonate to the applied microwave
energy by means of a conventional tuning screw
33, which preferably includes a gas-tight rubber

. gasket 35. The .ammonia gas may be introduced

28

the resonator in a predetermined desired region,

the overall efficiency of the device rray be ad-

. Justed to a relatively high value. As will be ex-
plained in greater detail hereinafter, the resultant
microwave absorptive gas-tight light valve may
be designed to provide single or multiple angular
or lateral deflections of an applied light beam,
‘which may be utilized in any known manner to
provide desired indications of the variations in
the refractive index of the gas.

Referring to Figure 1 of the drawing, a con-
ventional rectangular waveguide | opens, through
.an aperture 3, into a cavity resonator §. A gas-
tight, microwave-permeable window 8 covers the
aperture 3. An inwardly projecting conductive
element 1, having triangular cross-section, is fas-
tened to the lower inner wide face of the cavity
resonator 5. A similar inwardly-projecting, tri-
angular cross-sectional member 9, shown in Fig,
2, cooperates with the lower projecting element
T to form a gap i providing a region baving a
concentrated electric field in response to micro-
wave energy introduced into the cavity resonator
from the waveguide. T s

Apertures 13, {5, in opposite side faces of the
cavity resonator §, are covered by gas-tight,
light-permeable windows 17, 19, respectively, A
light source 21, which may include a condensing
lens system 28, directs a light beam, indicated by
the dash lines 25 or 21, through the windows in
the cavity resonator §, transversely of the gap 1
between the inwardly projecting conductive ele-
ments 7and 9.

- Microwave energy from s microwave generator
(not shown) is applied to the cavity resonator 5
through the waveguide | and the microwave-
permeable window 8 to establish a microwave field

. within the cavity resonator which is substantially
concentrated in the gap 1! between the conduc-
tive elements T and 9. The cavity resonator §
encloses a microwave absorptive gas, such, for
example, as ammonia. The gas may be main-
tained at any desired pressure to provide the
desired sensitivity. The concentrated microwave
field established between the inwardly projecting
elements T and 9 provides a region of increased
gas pressure in the gap 11 due to heating of the
, gas from the absorbed microwave énergy incident
to the concentration of the electric field in said
gap. The increased gas pressure in the gap 1
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purposes.

into the cavity resonator § through a conventional
gas valve 31, disposed adjacent a gas intake aper-
ture 39 in one of the walls of the cavity resonator
8. In order to match effectively the impedance of
the cavity resonator § to the surge impedance of
the waveguide | to prevent wave reflections from
the cavity resonator to the microwave energy
source, tuning screws 41, 43 or other conventional
adjustable reactive means, may be disposed on
the waveguide walls adjacent to the microwave
permesble window 8. .

It should be understood that while the device
disclosed in Figs. 1 and 2 is described as a watt-
meter for the direct measurement of microwave
energy, that a similar device may be employed to
record the modulation characteristics .of micro-
wave energy upon a suitable moving screen or
photographic film for oscillographic or related

Referring to Figs. 3 and 4, a light valve is illus-
trated which provides a parallel displacement of
& light beam in response to variations in the mag-
nitude of microwave energy introduced into a
gas-filled cavity resonator. In this second em-
bodiment of the invention, the structure may be )
identical to that described heretofore in Figs. 1
and 2, with the exception that the inwardly pro-
Jecting conducting elements 1’ disposed within
the cavity resonator are substantially rectangular
in cross-section, and are disposed in & manner
whereby their side faces form acute angles with
the light permeable windows (1, 8. A lightbeam,
derived from the light source 21 and condenser
lens system 23, is introduced into the cavity reso- -
nator § through the input light window 11, to
provide parallel displacement of the light beams
25 or 27 in response to different magnitudes of
microwave energy introduced into the cavity reso-
nator. . : : .

If desired, the parallel displaced light beams
25 or 21, which pass through the output light
window {9, may be focused by means of the pro-
Jection lens 28 upon an apertured mask 45. Light
which penetrates the aperture 47 in the apertured
mask 45 may, if desired, be focused by means of
a supplementary projection lens system 49 upon
the desired area of a moving photographic film
§i. . .

The device thus described may be employed for
the purpose of recording signal modulation upon
& moving photographic film such, for example, as
in motion picture sound recording. For this pur-
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pose, the microwave energy introduced into the
- waveguide | is amplitude-modulated in any
known manner by means of the desired modula-
tion signals to provide a. light beam of variable
area, which may be recorded upon the moving

film §§. The dashed circles §3, §5, adjacent the

aperture 47 in the apertured piate 45, indicate
the manner in which the light beam derived from
the cavity resonator light valve is masked by the
masking plate 45. It should be understood that,
alternatively, the device described in Fig. 3 may
be used for the direct measurement of microwave
power by focusing the output light beam upon a
suitably calibrated scale, as described heretofore
in Figs. 1and 2.

Referring to Figure 5, a third embodiment of
the invention is illustrated wherein the inwardly-
projecting conductive elements described hereto-
fore are omitted, and wherein the light permeable
windows (17, 19 are disposed at current nodes in
opposite walls of the cavity resonator 8, In this
third embodiment of the invention the cavity
resonator 5 comprises a section of the waveguide
I, having an effective length of three half-wave-
lengths. The tuning screw 33 may be located on

one of the side walls of the cavity resonator § or, -

if desired, may be disposed in the end wall 51
closing the end of the waveguide | at a point
three half-wavelengths from the input aperture
3 and microwave permeable window 8.

The light permeable windows i1, 19 are dis-
posed in the narrow side walls of the cavity res-
onator 5, at points separated one-half wavelength
from either end of the cavity resonator, and thus,
one-half wavelength from each other.

Thus, a light beam, derived from the light
source 21 and condensing lens system 23, is di-
rected diagonally through the gas prism formed
by the gas-filled cavity resonator §, and may be
focused by the projection lens 29 upon & cali-

the magnitude of the microwave energy intro-
duced into the cavity resonator. .

Alternately, the latter device may be employed,
as described heretofore in Figs. 3 and 4, for the
recording of light variations upon a moving pho-
tographic film,

It should be understood that the sensitivity of
the embodiment of the invention illustrated in
Fig. 5 will be less than that of the embodiments
described in Figs. 1, 2 and 3, since the electric
field within the cavity resonator will not be con-
centrated in the region through which the light
beam is directed. However, the embodiment
shown in Pig. 5 provides a convenient construc-
tion, especially in instances wherein conventional
1.25 centimeter waveguides are employed, since
the physical size of such waveguides seriously
limits the use of internal structural elements.
Furthermore, the embodiment of the invention
illustrated in Fig. 5 has the advantage that the
light permeable windows 17, 19 are disposed at
points of low magnetic field intensity, thereby
minimizing microwave energy leakage from the
cavity resonator 5.

It should be understood that the impedance
of the cavity resonator 5 may be matched to the
surge impedance of the waveguide § in the same
max=ner as described heretofore in Figs. 1, 2 and
3, in order to minimize wave reflections from the
cavity resonator to.the microwave generator.

Various other microwave absorptive gases have
been tested and found to be quite satisfactory for
microwave power measurements in apparatus of
the type described heretofore, = The following

: ((
brated scale 31, for the direct measurement of -
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table discloses the microwave frequencies aft
which some of these various gases have been
found to absorb considerable microwave energy
as indicated by the absorption coefiicients which
have been measured:

Power
Gas - Wavelength ‘égz‘f’r‘i‘c’fég?
per cm.
. Cm.

Ethyl Chloride._. 1.25 25X 104
Ethylene Oxide. . 1.26 35X10-4
Freon 22___.___ - 1.25 17X104
Monocethylamine. . ..o ooueancnnn 1.25 6, TX10+
1.26 84 X104
AIORIS oo { 3.2 16X10-4

Thus the invention described comprises several

embodiments of an improved light valve which . '
‘may be employed for the measurement or indi-

cation of microwave energy or signal modulation

" of said energy. The devices disclosed provide an

extremely convenient, accurate, and sensitive
means for measuring or indicating microwave
energy in the millimeter and centimeter regions,
wherein the invention effectively comprises a gas
type prism, the refractive index of which may be
varied as a function of the magnitude applied
microwave energy.
I claim as my invention: ‘

1. A radiant energy variable prismatic device
comprising a conductive chamber for enclosing
a microwave energy absorptive gas, means for in-
troducing microwave energy into said chamber
to establish therein a micréwave field to excite
molecular resonance in said gas for varying the
radiant energy refractive and density properties
of said gas in response to energy absorbed by
said gas, and means for directing a beam of radi-

ant energy through said gas in a direction trans-

verse to the microwave electric fleld in said gas

-~ to refract said beam as a function of the intensity
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of said field.
2. A microwave responsive light valve includ-
ing a ‘conductive chamber having electrically

_conductive walls for enclosing a microwave

energy absorptive gas, means for introducing
microwave energy into said chamber to estab-
lish a microwave field to excite molecular reso-
nance in said gas for varying the light refractive
and density properties of said gas in response to
the energy absorbed by, said gas, and means for -
directing a light beam through said gas in 2
direction transverse to the microwave electric
fleld in said variably refractive gas to refract

said beam as a function of the intensity of said

field.
3. A microwave responsive light valve includ-
ing a conductive chamber for enclosing a micro-

.wave energy absorptive gas, means for introduc-

ing microwave energy into said. chamber to es-
tablish a microwave field to excite molecular
resonance in said gas for varying the light re-
fractive and density properties of said gas in re-
sponse to the energy absorbed by said gas, and
means for directing a light beam through said
gas in a direction transverse to the microwave
electric field in said variably refractive gas to
deflect said beam as a function of the intensity
of said field. -

4. A microwave responsive light valve includ-
ing a conductive chamber, a microwave energy
absorptive gas .enclosed within said chamber,
means for introducing microwave energy into
said chamber to establish a microwave field to
excite molecular resonance in said gas for vary-
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ing the hght refractive and density properties of
said gas in response to the energy absorbed by
said gas, means for generating a light heam, and
means for directing said- light beam through
said gas in a direction transverse to the micro-
wave electric field in said variably refractive gas

to refract said beam as-a function of the in-.

tensity of said field.

5. A microwave responsive light valve includ-
ing a cavity resonator for enclosing a microwave
energy absorptive gas, means for introducing
microwave energy into said cavity resonator to
establish a microwave field to excite molecular
resonance in said gas for varying the light re-
fractive and density properties of said gas in re-
sponse to the energy absorbed by said gas,
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means for generating a light beam, and means

for directing said light beam through said gas in
a direction transverse to the microwave electric
field in said variably refractive gas to refract
said beam as a function of the intensity of said
field. . i

6. A microwave responsive light valve. includ-
ing a microwave resonant chamber for enclosing
a microwave energy absorptive gas, a microwave
permesable window in said chamber, means for
introducing microwave energy through said win-
dow into said chamber to establish a microwave

field to excite molecular resonance in said gas

for varying the light refractive and density prop-
erties of said gas in response to the energy ab-

. sorbed by said gas, a light beam source, a light

- beam target, and means for directing said light
beam through sald gas in a direction transverse
to the microwave electric field in said variably
refractive gas to said target to defract said beam
as g function of the intensity of said fleld.

7. Apparatus of the type described in claim 6
including means for tuning said resonant cham-
ber to vary the microwave field distribution
therein.

8. Apparatus of the type described in claim 6
including a microwave absorptive gas enclosed
within said chamber at a pressure of substan-
tially more than one atmosphere,

9. A microwave responsive light valve includ-
ing a conductive chamber for enclosing a micro-~
wave energy absorptive gas capable of molecular
resonance, a pair of electrodes within said cham-
ber, -means for introducing microwave energy
into said chamber to establish a microwave fleld
in the space between said electrodes to excite
molecular resonance in said gas thereby varying
the temperature and pressure of at least the por-

tion of the gas occupying said space-in response

to absorption of said energy by said gas, said
pressure variations providing corresponding
variations in the light refractive and density
properties of said gas between said electrodes,
and means for directing a light beam through
said gas in a direction transverse to the micro-
wave electric fleld in said space between said
electrodes to defract said beam as a function of
the intensity of said field.

10. A microwave responsive light valve includ-
ing a microwave resonant chamber for enclosing
microwave energy absorptive gas, a pair of elec-
trodes extending inwardly from opposite internal
walls of said chamber, means for introducing
microwave energy into said chamber to establish
a concentrated microwave electric field in the
space between said electrodes to excite molecular
~ resonance in said gas thereby varying the tem-

perature and pressure of at least the portion of
the gas occupying said space in response to ab-
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sorption of sa.id energy by said gas, said pressure
variations providing cofresponding variations in -
the light refractive and density properties of said
gas between said electrodes, a light beam source,
and means for directing said light beam through

said gas in a direction transverse to the micro-
wave electric field in said space between said.

-electrodes to defract said beam as a function

of the intensity of said field. .

11. A microwave responsive light valve includ-
ing ‘a cavity resonator for enclosing a micro-
wave energy absorptive gas, a pair of electrodes
extending inwardly from opposite internal walls
of said resonator, means for introducing micro-
wave energy into said resonator to establish a
concentrated microwave electric field in the
space between said electrodes to excite molecular
resonance in said gas thereby varying the tem- -
perature and pressure of at least the portion of
the gas occupying said space in response to ab-
sorption of said energy by said gas, said pressure
variations providing corresponding variations in
the light refractive and density properties of
said gas between said electrodes, a light beam
source, and means for directing said light beam
through said gas in a direction transverse to the
microwave electric fleld in sald space between
said electrodes to deflect said beam as a func-
tion of the intensity of said field.

12, Apparatus of the type described in claim
11 including means for tuning said cavity reso-
nator to vary the microwave field distribution
therein. h

13. Apparatus of the type deseribed in claim
11 including means for matching the impedances
of said resonator and said microwave energy in-
troducing means to minimize wave reﬂections in
said last mentioned means.

14. A microwave responsive light valve mclud-
ing a cavity resonator for enclosing a microwave
energy absorptive gas, a pair of electrodes of
triangular cross-section extending inwardly from
opposite- internal walls of said resonator, means
for introducing microwave energy into said reso-
nator to establish a concentrated microwave

- eleetric field in the space between said electrodes
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thereby varying the temperature and pressure of

at least the portion of the gas occupying said
space in response to absorption of said energy
by said gas, said pressure variations providing
corresponding variations in the light refractive
and density properties of said gas between said
electrodes, means providing a light beam, and
means . for directing said light beam through
said space between said electrodes in a manner
whereby sald beam is deflected as a function of
the intensity of said field.

15. A microwave responsive light valve includ-
ing a cavity resonator for enclosing a microwave
energy absorptive gas, a pair of electrodes of
rectangular cross-section extending inwardly
from opposite internal walls of said resonator,
means for introducing microwave energy into
said resonator to establish a concentrated micro-
wave electric fleld in the space between said
electrodes thereby varying the temperature and
pressure of at least the portion of the gas oc-
cupying said space in response to absorption of
said energy by said gas, said pressure variations
providing corresponding variations in the light
refractive and density properties of sald gas be-
tween said electrodes, means providing a light
beam, and means for directing said light beam
through said space obliquely between said elec-.
trodes in a manner whereby said beam is de-




2,451,733

T 11
flected as a function of the intensity of sald
field.

16. A microwave responsive light valve includ-
ing a microwave resonant chamber for enclosing
a microwaveé energy absorptive gas, a microwave
permeable window in sald -chamber, means for
introducing microwave energy through said win-
dow into said chamber to establish a microwave
field to excite molecular resonance in said gas for
varying the light refractive and density proper-
ties of said gas in response to the energy ab-
sorbed by said gas, & light beam source, a light
beam target, and means including a pair of light
permeable windows located at different obliquely
opposite nodes in sald resonant chamber for
directing said light beam through said variable
refractive gas to said target to refract said beam
as a function of the intensity of said field.

.17. A microwave responsive light valve includ-
ing a microwave resonant chamber for enclosing
a microwave energy absorptive gas, said cham-
ber having an effective length of three half
wavelengths at the frequency of said microwave
energy, a microwave permeable window in said
chamber, means for introducing microwave en-
ergy through said window into said chamber to
establish a microwave fleld to excite molecular
resonance ‘in sald gas for varying the light re-
fractive and density properties of said gas in re-
sponse to the energy absorbed by said gas, a
light beam source, a light heam target, and
means including a pair of light permeable win-
dows located at different obliquely opposite
nodes in said resonant chamber for directing
said light beam through said variably refractive
gas to said target to refract said beam as a func-
tion of the intensity of said field. .

18. The method of utilizing a microwave en-
ergy absorptive gas capable of molecular reso-
nance for refracting radiant. energy comprising
microwave-irradiating said gas, establishing a
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microwave electric fleld in said gas in response
to said irradiation, establishing molecular reso-
nance in said gas in response to said microwave
fleld for varying the radiant energy refractive
and density properties of at least a portion of
sald gas, and directing a beam of radiant energy
through said gas in a direction transverse to
said field in said gas to refract said beam as a
function of the intensity of said fleld therein.
19. The method of utilizing a microwave en-
ergy- absorptive gas capahle of molecular reso-
nance for refracting a light beam comprising
microwave irradiating said gas, establishing a
microwave electric field In said gas in response
to said irradiation, establishng molecular reso-
nance in said gas in response to said microwave
field for varying the radiant energy refractive
and density properties of at least a portion of

. sald gas, and directing a light beam through said
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gas in a direction transverse to said field in said
gas to refract said beam as a function of the in-
tensity of said field therein,
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